Abstract Neutrosophic set theory based on neutrosophy, which is a branch of philosophy, is an important tool for dealing with uncertainty and inconsistency data. Concept of single-valued neutrosophic set is defined as a generalization of the concept of single-valued neutrosophic set, which is useful to model some engineering applications. In this study, the concept of single-valued neutrosophic refined soft set is defined as an extension of single-valued neutrosophic refined set. Also, set theoretical operations between two single-valued neutrosophic refined soft sets are defined and some basic properties of these operations are investigated. Furthermore, two methods to calculate correlation coefficient between two single-valued neutrosophic refined soft sets are proposed, and a clustering analysis application of one of proposed methods is given.
Introduction
Coping with problems containing uncertainty and inconsistency information has been very important matter for researchers that study on mathematical modeling. Researchers have proposed many approximations to make mathematical model with some problems containing uncertainty and inconsistency data. Some of well-known approximations are fuzzy set theory proposed by Zadeh [45] , and intuitionistic fuzzy set theory introduced by Atanassov [2] . A fuzzy set is identified by membership function and an intuitionistic fuzzy set is identified by membership and non-membership functions. But fuzzy sets and intuitionistic fuzzy sets do not handle the indeterminant and inconsistent information. Therefore, neutrosophic set theory was introduced by Smarandache [33] as a generalization of fuzzy sets and intuitionistic fuzzy sets based on neutrosophy, which is a branch of philosophy. In 2005, Smarandache [34] showed that neutrosophic set is a generalization of paraconsistent set and intuitionistic fuzzy set. Wang [38] defined the concept of interval neutrosophic set (INS) and gave set theoretic operations of INSs. Zhang et al. [46] presented an application of INS in multicriteria decision-making problems. Broumi and Smarandache [7] gave some new operations on interval-valued neutrosophic sets. Intuitionistic neutrosophic sets and their set theoretical operations such as complement, union and intersection were defined by Bhowmik and Pal [4] . They also defined to deal with the engineering problem relations of four special types of intuitionistic neutrosophic sets and gave some properties of these relations. In 2010, concept of singlevalued neutrosophic set and its set operations were defined by Wang et al. [39] . Ansari et al. [1] gave an application of neutrosophic set theory to medical AI. Ye [44] proposed concept of trapezoidal neutrosophic set by combining trapezoidal fuzzy set with single-valued neutrosophic set. He also presented some operational rules related to this new sets and proposed score and accuracy function for trapezoidal neutrosophic numbers.
In classical set theory, if there are repeated elements in a set, each of repeated elements is represented a representative element. Therefore, elements of a classical set are different from each other. However, in some situations, we need a structure containing repeated elements, for instance, while search in a dad name-number of children-occupation relational basis. To express these cases, we use a structure called bags defined by Yager [41] . In 1998, Baowen et al. [3] defined fuzzy bags and their operations based on Peizhuang's theory of set-valued statistics [30] and Yager's bags theory [41] . Concept of intuitionistic fuzzy bags (multiset) and its operations were defined by Shinoj and Sunil [36] , and they gave an application in medical diagnosis under intuitionistic fuzzy multienvironment.
To model problems containing uncertainty, notion of soft set was first proposed by Molodtsov [24] as a new mathematical tool, which is an alternative approach to fuzzy set and intuitionistic fuzzy set. Then, many studies on soft sets have progressed increasingly [13, 25, 26, 31, 47] . Neutrosophic set and soft set were combined by Maji [27] in 2013. He also gave an application to decisionmaking problem under neutrosophic soft environment. Broumi [5] defined concept of generalized neutrosophic sets by combining Molodtsov's [24] soft set definition and Salama's [32] neutrosophic set definition. Ş ahin and Küçük [37] proposed generalized neutrosophic soft set based on Maji's neutrosophic soft set definition. Intuitionistic neutrosophic soft set and its operations were defined by Broumi and Smarandache [6] . Interval-valued neutrosophic soft set was defined by Deli [16] , and it was generalized by Broumi et al. [8] . Then, Broumi et al. [9] extended definition of interval-valued intuitionistic fuzzy soft relation to interval-valued neutrosophic soft sets, and also they defined neutrosophic parameterized soft sets and investigated their set theoretical properties in [10] . In 2014, Karaaslan [22] redefined operations of neutrosophic soft sets and gave applications in decision-making problem and group decision-making problem. In 2015, Maji [28] proposed concept of weighted neutrosophic soft set as a hybridization of neutrosophic sets with soft sets corresponding to weighted parameters and gave an application in multicriteria decision-making problem.
In 2013, Smarandache [35] refined the neutrosophic set to n components: t 1 ; t 2 ; . . .; t j ; i 1 ; i 2 ; . . .;
Single-valued neutrosophic multiset (refined) (SVNM) was proposed by Ye and Ye [42] as a generalization of single-valued neutrosophic sets. They also proposed Dice similarity measure and weighed Dice similarity measure of SVNMs and investigated their properties. Neutrosophic soft multiset theory was introduced by Deli et al. [17] , and its an application was made to decision making.
Chiang and Lin [15] considered the fuzzy correlation under fuzzy environment, and Mitchell [29] proposed a procedure to compute correlation coefficient between two intuitionistic fuzzy sets. Bustince and Burillo [12] studied on correlation coefficient of interval-valued intuitionistic fuzzy sets and introduced two decomposition theorems of the correlation of interval-valued intuitionistic fuzzy sets. Hung and Wu [21] extended the ''centroid'' method to interval-valued intuitionistic fuzzy sets and gave a formula to compute the correlation coefficient between intervalvalued intuitionistic fuzzy sets. Hanafy et al. [18] suggested a procedure to compute correlation coefficient of generalized intuitionistic fuzzy sets by means of ''centroid'' and extended the centroid method to interval-valued generalized intuitionistic fuzzy sets. Also, they discussed and derived formula for correlation coefficient between two neutrosophic sets based on centroid method [19] and derived formula for correlation coefficient between neutrosophic sets in probability space [20] . Karaaslan [23] proposed a method to compute correlation coefficient between two possibility neutrosophic soft sets. Chen et al. [14] gave a formula to compute correlation coefficient of hesitant fuzzy sets and applied the formula to clustering analysis. Ye [43] improved to compute correlation coefficients of single-valued neutrosophic sets and interval-valued neutrosophic sets based on existing correlation coefficient and clustering analysis methods not being defined phenomenon or not consistent result in some cases. Broumi and Deli [11] developed a method to compute correlation between two neutrosophic refined (multi) sets as an extension of correlation measure of neutrosophic set and intuitionistic fuzzy multisets.
In this study, a new structure called single-valued neutrosophic refined soft set (SVNRS-set), which is a generalization of the single-valued neutrosophic refined sets is defined, and some properties of SVNRS-sets in terms of set theoretical operations are obtained based on Ye's [42] definitions and operations. SVNRS-set is an important structure to model some multicriteria decision-making problems. Also, two formulas are given to compute correlation coefficient between two SVNRS-sets, and a clustering method is developed based on the proposed formulas. In the last section of the paper, an example is presented to show calculation of proposed correlation coefficient and operation of clustering method.
Preliminary
In this section, a brief overview of the concepts of soft set, single-valued neutrosophic set and single-valued neutrosophic refined (multi) set are presented and their set theoretical operations required in subsequent sections are recalled.
Throughout the paper, X denotes initial universe, E is a set of parameters and I p ¼ f1; 2; . . .; pg is an index set.
Definition 1 [24] Let E be parameter set and ; 6 ¼ A E. A pair (f, A) is called a soft set over X, where f is a mapping given by f : A ! PðXÞ. Set of all single-valued neutrosophic refined sets over X will be denoted by SVNR X :
The length of an element x in SVNRset A is defined as cardinality of CT A ðxÞ or CI A ðxÞ, or CF A ðxÞ and denoted by Lðx: AÞ. Then, Lðx: 3 Single-valued neutrosophic refined soft sets
In this section, concept of single-valued neutrosophic refined soft set and set theoretical operations between two single-valued neutrosophic refined soft sets are defined. Also, some properties of the defined operations are investigated.
Definition 8 Let X be an initial universe and E be a parameter set. A single-valued neutrosophic refined soft set (SVNRS-set)f is defined by a function as follows:
Here SVNRS-setf as a family of SVNR-sets on X can be written as follows: 
From now on set of all SVNRS-sets on initial universe X and parameter set E will be denoted by SVNRS E X : Example 1 Let X ¼ fx 1 ; x 2 ; x 3 ; x 4 g be the set of houses and E ¼ fe 1 ; e 2 ; e 3 g be a set of qualities where e 1 ¼ cheap; e 2 ¼ big and e 3 ¼ repearing. Then, SVNRS-setf can be considered as follows: Here f c ðeÞ is a SVNR-set over X, for each e 2 E. n n x 2 X; i 2 I p o : e 2 E o be a SVNRS-set. Then, 1.f is said to be a null SVNRS-set, iff ðeÞ ¼Û for all e 2 E, and denoted byŨ. 2.f is said to be a universal SVNRS-set, iff ðeÞ ¼X for all e 2 E, and denoted byX. 
Example 2 Consider SVNRS-setsf andg in which their tabular representations are given below: 
Proof The proof is obvious from Definition 9.
Proof The proof is clear from Definition 10.
Proposition 3 Letf ;g;h 2 SVNRS E X . Then, In this section, two types of correlation coefficients between two SVNRS-sets are defined and some properties of them are given.
Definition 12
SVNRS-sets. Then, for any e k 2 E; k 2 I m , correlation of truth sequence (indeterminacy sequence, falsity sequence) of SVNRS-setsf andg, is defined as follows:
Here, K 2 ft ¼ truth; i ¼ indeterminacy; f ¼ falsityg; e k 2 E and jXj ¼ n. : e 2 E o be two SVNRS-sets. Then, correlation coefficient with respect to component K 2 ft; i; f g is defined as follows:
Definition 14 Correlation coefficient between two SVNRS-setsf andg is defined as follows:
Note that correlation coefficient between two SVNRSsets gets values in ½À1; 1.
Theorem 2 Letf ;g 2 SVNRS E X . Then, correlation coefficient q SVNRS ðf ;gÞ satisfies following properties:
Iff ¼g then q SVNRS 1 ðf ;gÞ ¼ 1 3. jq SVNRS 1 ðf ;gÞj 1:
for all e k 2 E and K 2 ft; i; f g, then
and so
for all e k 2 E. Therefore, 
Let us adopt the following notations;
Then, 
Note that if w f ðe k Þ ¼ w g ðe k Þ for all e k 2 E, then Eq.(4) reduce to Eq. (3). Example of weighted correlation coefficient q ð1Þ will be given in application section.
Theorem 3 Properties listed in Theorem 4 valid for weighted correlation coefficient of two SVNRS-setsf andg.
Proof The proof can be made similar way to proof of Theorem 4. Now second type of correlation coefficient of SVNRSsets will be given.
Definition 15 Letf ;g 2 SVNRS E X . Then, correlation coefficient of SVNRS-setsf andg is defined as follows:
Theorem 4 Letf ;g 2 SVNRS E X . Then, correlation coefficient q SVNRS 2 ðf ;gÞ satisfies the following properties: This value shows that SVNRS-setsf andg have a bad negatively correlated.
If parameters inf andg have weights, then weighted correlation coefficient betweenf andg can be written as follows: 
Clustering algorithm for SVNRS-sets
In this section, an algorithm to make clustering under single-valued neutrosophic refined soft environment based on intuitionistic fuzzy clustering algorithm in [40] , and correlation coefficient formulas proposed for SVNRS-sets are developed.
Definition 16
Letf j ðj 2 I n Þ be n SVNRS-sets, then R ¼ ðe ij Þ nÂn be a correlation matrix, where e ij ¼ q SVNRS ðf i ;f j Þ is the correlation coefficient of two SVNRS-setsf i andf j , which satisfies the following conditions:
1. À1 e ij 1 for all i; j 2 I n ; 2. e ii ¼ 1; i 2 I n ; 3. e ij ¼ e ji for all i; j 2 I n :
Note that here item (1) is more general than item (1) of Definitions 3 and 10 in [40] and [14] , respectively. Now some definitions and theorems given in [40] will be presented. then R is called an equivalent correlation matrix.
Theorem 7 [40]
Let R ¼ ðe ij Þ nÂn denote a correlation matrix, then after having a finite times of compositions:
there exists a positive integer k such that R Here, since À1 e ij 1; for all i; j 2 I n ; in Definition 19 confidence level c can be taken as À1 c 1.
Algorithm
Let E ¼ fe 1 ; e 2 ; . . .; e m g be a parameter set, X ¼ fx 1 ; x 2 ; . . .; x k g be an initial universe and
. . .; w f n be the weight vectors of the each SVNRS-set, respectively. Here w f 1 ¼ ðw f 1 ðe 1 Þ; w f 1 ðe 2 Þ; . . .; w f 1 ðe m ÞÞ and P m i¼1 w f j ðe i Þ ¼ 1 and w f j ðe i Þ ! 0; j 2 I m .
Step 1: Find correlation coefficient related to the parameters of SVNRS-setsf i andf j , for all i; j 2 I n using Eq. 5.
Step 2: Construct correlation matrix R ¼ ðe ij Þ nÂn using Eq. 4, where e ij ¼ q
Step 3: Check whether correlation matrix R satisfies R 2 R, where R 2 ¼ R R ¼ ðê ij Þ nÂn ;ê ij ¼ max k fminfe ik ; e kj gg for all i; j 2 I n : If R does not satisfy condition R 2 R, then the equivalent correlation matrix R 2 k will be formed:
Step 4: Construct a c-cutting matrix R c ¼ ð c e ij Þ nÂn as in Definition 19 to classify the SVNRS-sets. Let R ic and R j c be ith and jth column(or row) matrices of R c , respectively. If R ic ¼ R j c , then SVNRS-setsf i andf j are same characteristic.
Therefore, all of SVNRS-setsf j can be classified by using this principle, for all j 2 I n .
Application
In this section, an application of clustering algorithm defined in Sect. 5 is given. Tables 1, 2 , 3, 4, 5 and 6 as tabular representation SVNRS-sets:
Step 1: Using Eq. 5, correlation coefficients between parameters of SVNRS-setsf i andf j ði; j 2 I 6 Þ are obtained as follows: Step 2: Correlation coefficient of the SVNRS-sets f j ðj 2 I 6 Þ by using Eq. (4) and correlation coefficient of parameters for each ðf i ;f j Þ ði; j 2 I 6 Þ given in Step 1 are obtained as follows: Step 3: R 2 can be obtained as follows Here, note that R 2 * R. The correlation matrix R is not an equivalent matrix. Therefore, we further calculate: ff 1 g; ff 2 g; ff 3 g; ff 4 g; ff 5 g; ff 6 g:
Conclusion
In this paper, the concept of single-valued neutrosophic refined soft set and its set theoretical operations such as union, intersection and complement are defined and some of their basic properties are proved. Then, two formulas to compute correlation coefficient between two single-valued neutrosophic refined soft sets are developed. Furthermore, the developed method is applied to clustering analysis. However, I hope that the main thrust of proposed formula will be in the field of equipment evaluation, data mining and investment decision making.
